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(54) i D „ r th 9 ^ HV ?7 T*"? con *T in 9 nHaW«*ule stabilizing Agents and the use of said agents 
in the manufacture of a medicament for treating atherosclerosis or restenosis 



(57) The present invention is a method of preventing 
or reducing atherosclerosis or restenosis, and a phar- 
maceutical preparation used therefor. In particular, it is 
a method of preventing or reducing atherosclerosis or 
restenosis after arterial Injury by treatment with a low 



dose of a microtubule stabilizing agent such as taxol or 
a water soluble taxol derivative. The low dose used in 
the present invention prevents artery blockage while 
minimizing any negative side effects associated with the 
drug. 
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EP1 118 325 A2 

Description 

Field of the Invention 

[0001] The present Invention relates to a method of treating patients at risk of developing atherosclerosis 
nosis. 



or reste- 



[0002] More particularly, the Invention relates to treatment of these patients with a low dose taxol solution to prevent 
or reduce the development of atherosclerosis or restenosis. 

10 Background of the Invention 

, V f 0 M la I d lT 89 iS the ' eading CaUSe 0f dea1h and disabilit y in the developed world, particularly afflicting the 
22? n mE^lSST a ' 0n H ' enC0Ura ^ "«*"». cardiovascular disease is still responsible fo 

o!S ? T fatalrt,es u each V ear and more one half of all deaths; almost 5 million persons afflicted with 

SIU'L Atherosc ' eros , is I s the most common fo ™ of vascular disease and leads to insufficient blood supply to critical 
body organs, resulting in heart attack, stroke, and kidney failure. Additional.* atherosclerosis causes m^jor comp Ica 

LI ! 7 T 9 Z T ertenSi0n and diabetes ' as we " as tobacc ° s ™*ers. Atherosclerosis is a fom, of 
chronic vascular injury in which some of the normal vascular smooth muscle cells (-VSMC") in the artery wall which 
ord narily control vascular tone regulating blood flow, change their nature and develop "cancer-like" behavior These 
S beC ° h me h abno ™^ Proliferative, secreting substances (growth factors, tissue-degradation enzymes and other 
proteins) which enable them to invade and spread into the inner vessel lining, blocking blood flow and making that 

25 h JTI"? SUSCeptib,e t0 beins cor "P'^ly blocked by local b.ood clotting, resulting in the death of the tissue 

*° served oy that artery. 

[0005] Restenosis, the recurrence of stenosis or artery stricture after corrective surgery, Is an accelerated form of 
atherosclerosis. Recent evidence has supported a unifying hypothesis of vascular injury in which coronary artery res- 
tenosis along with coronary vein graft and cardiac allograft atherosclerosis can be considered to represent a much 
«»e>erated form of the same pathogenic process that results In spontaneous atherosclerosis (Ip, J.H., et al (1 990) 
J Am Coll Cardiol, 15:1667-1687; Muller, D.W.M., et al., (1992) J Am Coll Cardiol . 19:418-432) Restenosis i's due to 
a complex series of fibroproliferatlve responses to vascular Injury involving potent growth-regulatory molecules includ- 
ing plateletdertved growth factor (PDGF) and basic fibroblast growth factor (bFGF), also common to the later stages 

rn„ a l! r0 o l9Si0nS ' reSU ' ting Vascular 8mooth muscla ceH Proliferation, migration and neointimal accumulation 
[0006] Restenos.s occurs after coronary artery bypass surgery (CAB), endarterectomy, and heart transplantation' 
and particularly after heart balloon angioplasty, atherectomy, laser ablation or endovascular stenting (in each of which 
one-third of patients redevelop arteryblockage (restenosis) by 6 months), and Is responsible for recurrence of symptoms 
(or death), often requiring repeat revascularization surgery. Despite over a decade of research and significant improve- 
ments in the primary success rate of the various medical and surgical treatments of atherosclerotic disease including 
angioplasty, bypass grafting and endarterectomy, secondary failure due to late restenosis continues to occur in 30-50% 
of patients (Ross, R. (1993) Nature, 362:801-809). 

[0007] As a result, a need exists for a successful chemotherapeutlc therapy to reduce or prevent arteryblockaqe 
The most effective way to prevent this disease is at the cellular level, as opposed to repeated revascularization surgery 
which can carry a significant risk of complications or death, consumes time and money, and Is inconvenient to the 
patient. 

[0008] Microtubules, cellular organelles present in all eukaryotic cells, are required for healthy, normal cellular ac- 
tivrtles. They are an essential component of the mitotic spindle needed for cell division, and are required for maintaininq 
cell shape and other cellular activities such as motility, anchorage, transport between cellular organelles extracellular 
secretary processes (Dustin. P. (1980) Sri. Am. , 243: 66-76), as well as modulating the interactions of growth factors 
wrth cell surface receptors, and intracellular signal transduction. Furthermore, microtubules play a critical regulatory 
role in cell replication as both the c^mos oncogene and CDC-2kinase, which regulate entry into mitosis, bind to and 
phosphorylate tubulin (Verde. F. et al. (1990) Nature, 343:233-238), and both the product of the tumor suppressor 
gene, p53. and the T-antlgen of SV-40 bind tubulin In a ternary complex (Maxwell, S.A. et al. (1991) Cell Growth 
Drfferen^. 2:11 5-127). Microtubules are not static, but are in dynamic equilibrium with their soluble protein subunits the 
a- and 6 -tubulin heterodimers. Assembly under physiologic conditions requires guanosine triphosphate (GTP)'and 
certain microtubule associated and organizing proteins as cofactors; on the other hand, high calcium and cold tem- 
perature cause depolymerization. 

[0009] Interference with this normal equilibrium between the microtubule and its subunits would therefore be expect- 
ed to disrupt cell division and motility, as well as other activities dependent on microtubules. This strategy has been 
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atherosclerosis or restenosis Is provided, which comprises treatment with a therapeutically P ffertiv« am „„„t , , 
crotubulestabilizingagent such as taxol or a water soluble taxol derivative^ I JttaSSS 2^Zi« 7 

Zll .„ * m „ ? r0V ' deS a " eff9CtiVe Way ° f preVenting or reducin 9 development of atherosclerosis or res- 
enosisinthosepattemssusoeptlble to such disease. Additionally 

used, the chance of a patient developing adverse reactions is potentially reduced. rnoinerapeutlc agent 

BRIEF DESCRIPTION OF FIGURES 



10 [0021] FIGURE 1 depicts the taxol Induced Impairment of the ability of VSMC to Invade filters coated with basement 
membrane proteins, and taxol inhibition of cultured VSMC PHJ -thymidine incorporation 

SSL caTd E a 2 4° WS 13X01 ,nhibiUOn ° f Sm °° th mUSCl8 n9 ° intlmal i CCUmulati0n after bal '°° n ^heter injury 

is R , GU !? E 3 depiCtS deuterlum oxide dose-dependent inhibition of VSMC chemoinvasion, and deuterium oxide 

'» inhibition of cultured VSMC bromodeoxyuridine (BrOU) incorporation oeutenum oxide 

o 0 n°plastic RGURE 4 Sh ° WS C ° nCentrati0nS 0f 13X01 caused dose-dependent Microtubule bundling in VSMC's cultured 
[0025] FIGURE 5 shows deuterium oxide induced microtubule bundling in cultured VSCM's. 
20 DETAILED DESCRIPTION OF THE INVENTION 

EL HH PraCt 5. e ° f 3 ? embodiment in * e P resent inven «°n ™y be accomplished via several alternative drug 
22X21; 98 '"^T 1 ? 631 T SUbcUtaneous in i ection - «*<<»«* intravenous infusion, oral ingestion or 
local (direct) delivery, or a combination of two or more. When fomnulating a solution for injection or continuous infusion 

Tir J TTl a . ta f 01 SOlUti ° n ' TaX °' is SUpplied ,hrough CTEP - DC * NCI (IND#22850) as a concentrated 
T^'iVSS^ ^ \ tt ( f m9A " al) ln 8 P 0 ^**'** <*stor oil (Cremcphor EL®) 50% and dehydrated 
?n Z hi w ? veblcle J he intact vials 6h °"'d be stored under refrigeration and diluted prior to use. When diluted 
m either 5% Dextrose Injection or 0.9% Sodium Chloride, taxol concentrations of 0.3-1.2 mg/ml are physically and 
chemical^tableforat least 12 ! hours at room temperature. (NCI Investigation Drugs; Pharmaceutical Data (1990)) 
It has also been demonstrated that taxol concentrations of 0.6 mg/ml diluted in either D5W or NS and 1 .2 mg/ml diluted 
Tt , ST. P l y0 ' efln contalners are stabla f ° r * least 25 hours at ambient temperatures (20-23'C). (Waugh 
et al. (1990) Anr j, Hosp. Pharm. 48. 1520). Although these concentration^ have exhibited stability for the above 

beu^ed ' ^ " 0t meant t0 ' imit PraCUOe ° f th8 PrSSent invention : wherei n «V concentration of taxol may 
[0027] All solutions of taxol exhibit a slight haziness directly proportional to the concentrations of drug and time 
elapsed after preparation. Formulation of a small number of fibers in the solution (within acceptable limits established 
by the USP Particulate Matter Test for LVP's) has been observed after preparation of taxol infusion solutions While 
particulate formation does not indicate loss of drug potency, solutions exhibiting excessive particulate matter formation 
should not be used. Therefore, when administering via continuous infusion, in-line filtration may be necessary and can 
HPr, 0 , mP Si e t V ^THT hydr °P hilic ' Soporous "Iter with a pore size no greaterthan 0.22 microns (IVEX- 

8r 1 ' ' " m ° del # 4525 ° r ea . ulvale "t) ln to the ^pathway distal to an infusion pump 
0028] Taxol must be prepared In non-plasticized solution containers (e.g., dlass, polyolefln, or polypropylene) due 
to leaching of diethylhexylphthlalate (DEHP) plastlcizer from polyvinyl chloride (PVC) bags and intravenous tubing 
Taxol must not be admin.stered through PVC intravenous or injection sets. Therefore, polyolefin- or polyethylene-line 
se s such as IV nitroglycerin sets (or equivalent) should be used to connects bottle or bag (containing the taxol 
solution for a continuous Infusion) to the IV pump, a 0.22 micron filter is then attached to the IV set, and then may be 

! 72 8 m , t I . P * ° Sntral aCC8SS deVlce " necessar y. a polyolefinillne extension set (PolyflnTm Extension 
Set, MiniMed Technologies, Model #126) can be used to provide additional distance between the IV pump and the 
patienrs central access device. 

[0029] One category of taxol use would encompass the prevention of recurrent stenosis (restenosis) post therapeutic 
coronary- or peripheral-artery angioplasty or atherectomy, after coronary bypass graft or stent surgery, or after periph- 
eral vascu ar surgery (e.g., carotid or other peripheral vessel endarterectomy, vascular bypass, stent or prosthetic graft 
procedure) A human dosing schedub can consist of (but not be limited to) 2 ihour continuous IV pretreatment with 
p to about 0.5-2 mgjj , (20-80 mg/m2) prior to the vascular procedure, about 0:25-2 mg/kg (1 0-80 mg/m*) continuous 
IT °Z r , . h ° UrS P° st -P rocedure - then about 0.25- 2 mg/kg (1 0-80 hg/m*) continuous IV infusion over 24 
Z?™ZS, 4i y mg 0 k r g ) . , ° " CyC ' 6S - * ^ " *" *« U " d t0 *" t ^ — 

[0030] Anothercategoryoftaxolusewouldencompasstheprlmarypreventionlortheattenuatlon.ofvasculardlsease 
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ZaZfZ^JZt Pm T Cert f °' th6Se apP ' iCatl0ns (exam P |es of whlch ,ncluda the prevention of oardiac 
aysplas.a, potyartentis nodosa, and Takayasu's arteritis. Each of the aforementioned applications may also be ami 

™ J£^^»Tr** - of r ained - release prepara,ions bf ,axci SSS 

S nable h ' 9h dosage local dru 9 deliver y "We systemic toxicity. 9 

stenle carriers, if necessary. Such preparations could be administered orally or in injectable form or directlv to an 

[0033] The following examples illustrate the effectiveness of taxol (or other microtubule-stabilizinq agents includina 
but not hmrted to, water soluble derivatives of taxol) in inhibiting the proliferation and migrat on of vascu a^Jmooth 
muscle cells, and should not be used to limit the scope of the present invention. 

Example 1 

SLSSS^^J^ VS ^ S ' Pretreat6d With d,fferent ta *°':<™centrations, to invade filters coated 
impair cell processes necessary for in vivo neointimal formation 

[0035] Vascular Smooth Muscle Cells (VSMCs) were Isolated by collagenase/eiastase enzymatic digestion of the 
media layers of he rat aorta obtained from 6 month old Wistar rats. The cells were maintained in cu ure with 0% 
etal calf serum high glucose DM EM, and amino acid supplement. Cell cultures were maintained at 37'C in 5% CO 2 
[0036] After 8-hourtaxol pre-treatment in culture, cells were fixed in 3.7% formalin, permeabilized with 1 % Triton 

12 «Z I h m ST p 6 ' tUbU '2, WaS labe " ed Wfth m ° US6 an,i - p " tUbUlin antib °<* < SMI « ™"«*>"- antib d y ^ p ; 

m on £!T h Pa h M 90n r 10160 ' ' nC - Bflltlrn0rc - MD) - SeC ° nda,y ,abell,nb was achleved wlth ^enhanced 1 
nm gold-conjugated rabbit anti-mouse antibody (Goldmark Blologlcals, Phlllipsburg, NJ). Representative light photom- 

JSr T " {B ° yd8n ° hamber) aSSays were P erf °™*J using modified Boyden chamber (Albini et al 
^^^47:3239-3245),comprisingan upper rt^M^^, J^™,^ 
filter, pvpf filters (8 nm pore diameter, Nucleopore Filters, Pleasonton, CA) were coated and air dried consecutively 

ZtSXXT't H 0 ^! T ' C °" agen ' 5 W* - flbr0n6Ctln - and 5 ^ fl reoo "^ ted 

(produced from the Englebreth-Holm-Swarm tumor (Kleinman, et al. (1986) Biochemistry. 25:312-318) producino a 

ZTZ h 7 th, ? h ° 0atin9 ° f maWX materla) ' B ° yden ChamberS were gambled by^ dding l On^mlPDGFBB 
B^^ 

I were then added t0 the u PP er c "^er. Some of the cells used In this assays were pretreated 1 8 hours with taxol 
(concentration 30 P M to 100 nM) In culture, .n the taxol-treated groups, taxol padded to the upper J5 owe c 1 
bers at thesame concentration as that used for pretreatment. The chambers were then incubated for 4 hours at 37^C 
L"oL Th^iS 9 ' Attha end ° f tha incuba,ion P«"° d . cells were fixed and stained with hematoxylin and 

VsSc nri nfl mS 5 rh ♦ 'P'^e assay was repeated at least three times on separate occasions using different 

th!HS- T?^ u m ° taX,S W8S aSS8yed anal °9° us f «shion in the Boyden chambers described above excep 
that the reconstituted basement membrane was omitted P 

rStmlnd'-nuSr h TV S aCC f, Pted " y 01086 Ski " 9d the art as eXhibi1i "9 ni 9 h correlation be ^een invasfceness 
B^™LwZ 38 0CCU,S - — (,Wam0t °' Y - 61 a '' (1 " 2) Advances In Exoerim.n,,! u~*^ 

[0038] Usingthe PDGF-BBasanattractant.taxol Inhibited VSMC invasion with half-maximal Inhibitory concentration 



5 



EP1 118 325 A2 



1 ifhT e if« n,la " y 00mplete lnhibitl0n at 1 00 nM ' and slanificant inhibition was still resolvable at 30 
HSmT I 6 US6d) Fi9Ure 1) ' A chemotaxls assa V «** °nly with fforonectin and collage^withou, 
basement membrane proteins occluding the filter pores) with PDGF-BB as the attractant was perfomned In anaCous 
fasW^yjeid.ngtheidentica.outcome.^ 

VSMC invasion primarily via inhibition of locomotion and/or shape changes, rather than by Inhibiting cellular secreZ 

10039] Gelatinase zymography was performed on the supernatants removed after the 4 hour conclusion of the 

nTZ^JrVl ab r „ Ge,ati : degradin9 pr ° teinaSes secreted *• media by VSMCs were an ^ ed OV 
non-reducing sodium dodecyl sulfate-polyactylamlde gel electrophoresis In 1|0% polyacrylamide qels containing aw 
m gelatin. Following electrophoresis, the ge.atinases were renatured by wc^t^S^mTSK in 

T Jru I : X r ,0 , ,l0Wed by 1 8 h ° Ur in ° Ubati0n at 37 ° C in 0 2 M 5 mM Cac ' 2 0 02% B??35 wM lo m 

2 S P t ?2£ 9e T er9 St3ined f ° r 90 minUt6S With °- 5% Coomassia Whnt Blue G-250 and dSed with 
staLd Sin Gela0nOlytiC ^ indiC3ted by a de ! ar band against »• background of bS 

rSc^fnfnf lnaSe 2ym ° g r aphy from »• B °y den °"^ber Invasion experiments confirm that the level 
(Figured, inset) " " iCan ^ ° V8r taX °' fan9 i 30 PM t0 1 °° nMl C ° mpar0d t0 con,rcl 

Example 2 i 

[0041] To confirm the fact that microtubule stabilization and hyperpolymenzation is the critical and sufficient factor 
Involvedlntexol-lnhibitionofVSMCinvaalveneas, the chemoinvasion (Boyden 1 chamber) asaaywas^nwftSutSS 

Zifi£27 FT ° X ' de enhanC6S polymerization via a ZJS553S 

from tha of taxol. A comb.nat.on of the isotope and solvent effects of deuteriuh, oxide reversibly increases microtubule 
polymery both by reducing the critical concentration for polymerizabon for oj^buto hLl^SJ^S^ 
tubulin hydrophobic Interactions (Itoh, T.J.. et al. (1984) Biochim. Bioohvs . Acta.. 800:21-27), and by converting a 
populate of unpolymerizable tubulin to the polymerizableform (Takahashi, jncTet al. (1 984) Cell StmcT pJnct 9 

from 6 month old Wlstar rats. The cells were maintained in culture with 10 % fetal calf serum, high glucose DM EM 
and amino acid supplement. Cell cultures were maintained at 37»C In 5% COL 

[0043] In deuterium oxide-treated cells, 2 Ha O (v/v) was substituted for water (H z O) In the preparation of the DMEM 
from concentrated stock. After 1 8-hour deuterium oxide pre-treatment in culture cells were fixed n 3 7% fomia^ 
pem,eab,l,zed with 1 % Triton X-100, and polymerized tubulin was labe.led with mouse antl-sTbuHn antLdTfSMi 
62 monoclonal antibody to polymerized 6-tubulln, Paragon Biotec. inc.. Bajtimore, MD). SeoonZtebelHng was 
ac hieved with silver-enhanced, 1 nm go Conjugated rabbit anti-mouse antibody (Goldmark Bioioglcafe, P^ura 
If^T ' ph ° tomicrographs from < A > control, and (B) 75% deujerium oxide treated VSMCs are shown 

i°pnt!It O H C I em0i ! 1VaSi0 K aS l ay l Were Perf0mied USing 3 modified Bo V den chamber . consis «ng °f ^ upper chamber 
separated*™ a lower chamber by a porous PVPFfllter. PVPFfllters (Bum pore diameter, Nucleopore Flltere Pleason 
^werecoa^^ 

TJZ T t - basementrnembrane (P ro *"*° from the Englebreth-H'olm-Swarm tumor), producing a contin- 
uous 1 0 ^ thick coatmg of matrix material. Boyden chambers were assembled with PDGF-BB 10 ng/ml in DMEM in 

wereTddid han : h 0a ^ Chamb c' ,hSn Ce " S < approximate| y 200,000) suspended in DMEM containing 0.1% BSA 
L L„ « PPer ChambSr - S ° me ° f 061,5 used in these assa V s w ere Pretreated 18 hours with deuterium 

SSff^ ' °L ? V/VSUbsti,ution ,or H *°> ln in the deuterium pxide-treated groups, * H !o subs Z ted 

DMEM (v/v) was added to the upper and lower chambers at the same concentration as that used forVretnSSt 

lESZFE T ^ 4 h ° UrS 3t 37 °° in 8 humid ' fied 5% ^ atmo ^"ere. At the conclusion rftne 

expenment. the filters were removed and the cells were fixed and stained with! hematoxylin and eosin. After the cells 
on the upper surface of the filter (non-invaders) were mechanically removed) the cells on the underside 
SfcaTe) Und6r X magn ' flcatlon < four random fle,ds were counted P 4 filter and all expeleTs w2e runTn 

mi° c ™LM r t reatin9 K UltUred y SMCS f ° r 18 h ° UrS With 25% ' 60% or 75% de6terium °* d * ^used dose-dependent 
VSlIc ^ISSXT Sm V° tHat ° bSe,Ved With ,aX ° L ™* treat ^ ent likewisa inhib « ed PDGFmediated 

n^xT^zz^o^r^ fashion ' achievin9 ha,| - max,ma ' inhiwtion at 25%2H2 °- and 
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Example 3 



injury, such as PDGF and bFGF, are also implicated in ovogenesis and cellular proliferation To measure the effprt « 
taxol or , VSMC DNA synthesis, P H]thymidlne incorporation was measured. VSMCs we^ lated aT SET* on 24^ e 
for an 'ISSfl h 'Tf™ 1 ° % FCS * DMEM ; 0 5 mCi [^thymidine*** added and the incubation conttuei 
on ice men cen rl! h ?l?7 85h8d ^ ^ Phosphate-buffered saline, extracted with 10% TCA for 2 nre 
1 N NaOH f 1 ° ^ Su P ematanls were Wanted and pellets were solubilized m 5 ml of 

Li tm ? ♦ ne " tra)l2,n 9 °-5 ^ 1 N HC1, PHfthymidine uptake was determined by a Beckman iSuid 

°f the thymidine and during thymidine Incorporation. Each condition of these experiments was performed n Wtate 
Sn h" it9d "^Z l VSMC incorporation, an index of ceil divisionjn aTse depeSt 

fashion, wrth a half-maximal Inhibitory concentration of 5 nM. Taxol caused essentially complete Inhibition aM 00 nM 

Z^ZT nhib f on T resolvable at 1 nM (Figure 1) - That this inhtoit ^ " rofile <££*^£™« 

invas.on and chemotax.s, demonstrating one log-concentration-unit lower sensitivity but with steeper concemratton 
dependence likely -arises because of the considered different roles played by mlrcoZbu.es biS^ISSS 
Taxol also nh.brted PDGF-BB-stimulated c±os mRNA expression in this cultured VSMC modeTt a dos deaden, 
n? bin t ' h tr im :' inhibit0ry Concenfration of 1 "M. wrth essentially icomplete inhibition above 20 It 

2 on in SEE ! eariV "r indUCti ° n iS an ° ,her ^P 0 ^ mechanism * which ta *°' -block, growth factor s im- 
ulation ,n VSMCs, and may underlie, at least in part, the thymidine incorporation results 

[0048 Thus, taxol significantly Inhibits cultured VSMC in vitro Invasion and proliferation through Interference with 
microtubule function, disrupting locomotion and the ability to alter shape, as wjl as growth-factor sum ated S gene 
express™ and cell proliferation, at concentrations one hundred - to one thousand-L fc^r to^T^SSS 



cancer. 
Example 4 



[0049] Incorporation of the thymidine analog, bromodeoxyuridine (BrDU) was measured to determine the effect of 
deuterium oxide on VSMC DNA synthesis. VSMCs . were plated at 4.5 x i* on 24-weil puJ%£^TS£ 
an LZi ^ M 3t Vari ° US 2H2 ° B0B "*^ 10 ^ BrDU was added and the IncubaZ coZed for 
a !»S fo M mlnls 9 ^. '!? P" 0 ^* 6 *" valine (PBS) and fbced with 100% methanoi (- 

20 C) for 1 i o i minutes. The cells were Incubated for 2 hr with 1 N HC1 to denature the DNA. and subsequently washed 

fo'T e hr'A«!r P«r e ^ < B ° ehrtn 9 er Mannheim) in!2% BSA-PBS was incubated with cells 

for hr. After PBS wash, goat anti-mouse antibody conjugated with alkaline phosphatase was added Cell nuclei 

nl»^ , ? h BrOU - posrtlV6 nuclel was com P afed °<*ween control (defined as 100%) and that of the deuterium 
oxiae-preireatea groups. ■ 

2hliJi!lV eSUltS J ndiCa J ed /^l d9UteriOT ° Xid9 ' similartotax °l. inhibited;cultured VSMC proliferation and DNA 
« preterion d ° S9 " dependent fashlon ' consistent with the critfc *' «* microtubule-tubulin dynamics In VSMC 

[0051] Whiletaxol and deuterium oxide potentially have multiple intracellular kffects, the coincidence of their parallel 

45 In th mh D ° th taX °' 3nd deUteriUm ° Xide > il is avident that microtubules are involved 

n the control of the most cntical and sensitive intracellular mechanisms necessary for VSMCs to undergo the multiple 

particularly strategic targets to Influence the outcome. ; 



Example 5 



SSSL i S aPPr ° Ved by the Na,i ° nal lnSti,Ute 0n Aging Ca > e and use Committee, 6 month Wistar 
rats from the GRC colony were anesthetized with 20 mg/kg body weight pentobarbital. 2 mg/kg body weight ketamlne 
and 4 mg/kg body weight xylazine intraperitoneal!* The left external carotid artery was cannulated with 2 French Fog 
arty emboleclomy catheter, inflated with saiine and passed three times up and down the common carotid arte^o 
produce a d.s ending deendothelializing injury. The animals were treated with 2 mg/kg body weight taxol solution or 

^SSS^^T T B) ? l ' ^traPer,,0nea, ' nieCti0n beginnlng 2 hdura after *«* The ^olutioTor 
vehicle alone was administered once dally, as an intraperitoneal Injection, forth* next 4 days. After 11 days the animals 
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fo?SIf?f and „ 1 ° V ! 1 hl0,e : treated) Were "-^elfeed as above and the carotid artery was isolated and fixed in 
10% buffered formalin and embedded in paraffin. Cross sections of the carotids were mounted on microscope sHdes 
and stained with hematoxylin and eosin stain. The image of the carotid artery was projected onto a S board 

t^JZl 'T^ % SaS ° f th6 ,ntima and thS media Were measured - ™ e «ulL are shown Z Figure 2 As 
nd cated in the prior art (Ferns, G.A.A. et al. (1991) Science. 253:1129-1132) the rat carotid artery injury model of 

nn^r a ^7 SefUl m thS StUdy ° f hUman restenosis ' and indicate P*~** therapeutic actionTn humans 
[0053 Quantitative analysis of injured carotid segments showed that taxol treatment reduced he neoZa. area 
by 70% compared to vehicle treated animals (Table I) (*p < 0.001 ; tP=NS; *P < 0.001 ). Several of the taxoTfrea ed 

vZStr 7h V : 1^° diSC6mab,e ne ° int,ma (i " ,hS Presence of denuded endothelium, proving w£?£L a! 
vehicle treated animals demonstrated at least modest neolntimal thickening i ' 

[0054] While the in vivo systemic taxol dose used In these experiments (2 mg/kg) is significantly lower than that 
ordinarily used to treat human cancers (approximately 3-6 mg/kg), dramatic^ ^^J*^ B ^^lS3 

F uZZ^t"* P0SSib ' e C ° mbining 8 Pretreatment r "^ en With tha treatm nt duS on 

in th G CnlT StK 9 °^ ? PV 18 10 k6eP the ° acUVated " VSMCS in *•* or P referabl V to Prevent activation 
ce deaTh? Z n , i h 'IT'" 8 ! 0 ' ^ Bnd m ' 9rati0n has r6S0,Ved < rat . herttla " ««-ng cytotoxicity resulting In 
SllrSv 9 , T theraPV Wlth " mtted t0X,dty may be P ossibla ln humans - u 't'™tely, local sustained 

ctZon J h SV h7 S ? ^ b9St S °' Uti0n t0 PreV6nt reSten ° sis P^-angioplasty, enabling high local con- 
centrations of drug delivery and essentially eliminating problems of systemic' toxicity. Drug delivery systems that can 
bevauablemclude drug-impregnated polymer-coated m^^lW^^dhJ^ J^lTS 

n^r 8 ' ! nd0the,ia ' Ce " S ,0 C ° at metal " C Stents or be de,ivered dir ^'y « « '°cal JLSK 
saKtemi h ff'rt (1991) JA_CC_ 17:126b-131b). These systems allow safe use of a chemotherapeutic agen^wtthout 
systemic side effects. Alternately, treatment may involve a period of pretreatment (i.e., before vascular surgery) via 

r^jss^ for a period of timei foi,owed by a different f erapy during < ,ocai - direct <-*s> « 

t °?^, 1 7*1* ab ° Ve examp,es teach taxol ' s < or oth er microtubule-stabilizing agent including, but not limited to water 
soluble derivatives of taxol) potential beneficial uses to prevent artery blockage and thereby reduce the possibility of 
or prevent, heart attacks, strokes, kidney failure and renal dialysis, blindness! limb amputations, nerve loss need for 
corrective vascular surgery/angioplasty or organ transplantation, and premature and permanent disabilKy' requiring 
chronic hospitalization. The invention has been described in detail, but it will be understood that the invention is capable 
n Z 1m . emb , odlments - As ls readi| y a PP are * t° those skilled in the art, variations and modifications can be 
affected within the spirit and scope of the Invention. Accordingly, the foregoing 1 disclosure and description are for illus- 
trative purposes only, and do not In any way limit the Invention, which Is defined only by the claims. 

TABLE 1 



Group 


Intima (mm 2 ) 


Media (mm 2 ) 


l/M 


Vehicle 
Taxol 


0.09±0.01 
0,03±0.01* 


0.14±0.01 
0.16±0.02* 


o.qet.os 

0.t8±.04* 



Claims 



1. A drug delivery system comprising a means for locally delivering a microtubule stabilizing agent other than by 
intravenous injection or infusion in a therapeutically effective amount to reduce or prevent the development of 
restenosis. 

2. A drug delivery system according to claim 1 , wherein the means for locally delivering a microtubule stabilizing 
agent comprise polymer-coated metallic stents and polymer stents. 

3. A drug deliveiy system according to claim 2. wherein the stents comprise biodegradable drug-eluting polymer 
sienis. 



4. The drug delivery system of claim 1 wherein said microtubule stabilizing agent Is comprised of paclttaxel a pad- 
itaxel derivative or deuterium oxide. 

5 ' )£* ? ^ ° f 3 Pa ° litaXel d6riVatiVe in manufac t"i* of a pharmaceutical composition for the prevention 
or reduction of restenosis In a patient. 
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The use of claim 5, wherein said water-soluble paclitaxel derived Is selected from the group consisting of a 2'- 
sucanyl-pachtaxel; 2 --succinyl-paclitaxel triethanolamlne; 2'glutaryl^aclltaxel; 2'-glutaryl-pacZe? ttlSL 

N - (dime,hy,ami ^D ^amide; and tester J| N^SLSJ 

p?e e pa Ta e tion. any * **" * ™ * ^ deKvery of said Pharmaceutical 

™epa?a e tion any ° f C ' aimS 5 * ? COmpr]SeS ^ '° cal de,ivery of said Pharmaceutical 
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ft. 



3 



ore. 




Q 




T«W>c (ulktiTi f\ft kuvMvJvV *F i*omAv JAtiiTv ftgrcig 
<*m#«** «*T ^ f j ^ Mr . f/lrCfBv ^ 
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| 

VSMC Invasion and BrDU Incorportion* 
Effect of Deuterium Oxide 




0 25 60 ; 75 

Percent Deuterium Oxide m 
Culture Media 
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